Background: The sunglass standards are not strictly implemented in many countries except Australia. The purpose of the study was to evaluate the optical properties of unbranded sunglasses for light transmittance. Methods: Unbranded sunglasses with no information about their specifications were included. They were allocated to two groups based on their prices; the ones > 25 US$ (Group A) and the cheaper ones (Group B). Their transmittance spectrum was measured between 190 nm and 900 nm using a double beam scanning spectrophotometer. The European standard for sunglasses was used to evaluate their compliance regarding ultraviolet radiation (UVR) transmittance and minimum requirement for wearing when driving. Results: Thirty-eight sunglasses (Group A = 20 and Group B = 18) were evaluated. Four sunglasses in each group were non-compliant. Percentage transmittance of visible light was <8% in five sunglasses of Group A and in three of Group B, so these were not appropriate to wear when driving. Totally six sunglasses of Group A and five of Group B were non-compliant and/or inappropriate to wear when driving. Conclusions: Based on our findings about their UVR protection and visible light transmittance %, eye care professionals must warn people against the use of unbranded sunglasses without any information about their specifications.
Introduction
Ultraviolet (UV) radiation (UVR) is defined as invisible light rays with a wavelength of less than approximately 400 nm. Three types of UVR based on their wavelengths: UV-A (315 to 400 nm), UV-B (280 to 315 nm), and UV-C (<280 nm) exist [1] . UV-C radiation does not penetrate the atmosphere's ozone layer, while some UV-A and UV-B reach the earth [2] . Both UV-A and UV-B may cause many dermatologic and ocular disorders [1] [3]- [6] .
Although many people consider sunglasses as a symbol of style and trend, they are mainly produced to protect our eyes and the skin around the eyes from the harmful effects of the UVR. In our opinion the majority of people, including many eye care professionals are not aware of these regulations and just prefer the cheaper and more fashionable sunglasses. Over the counter sunglasses without any information about their specifications are being sold all over the world. Our aim was to evaluate the optical properties of unbranded sunglasses for light transmittance.
Material and Methods
The study was conducted at our University Medical Faculty, Department of Biophysics. Unbranded brown sunglasses that were purchased in optical shops or supermarkets in the city centre were included. Only the sunglasses with no information about their specifications were studied. They were allocated into two groups based on their prices; the ones over 25 US$ (Group A) and the cheaper ones less than 25 US$ (Group B).
Absorbance is the measure of the quantity of light that a sample neither transmits nor reflects, whereas the transmittance is the ratio of the intensity of the light that has passed through the sample to the intensity of the light when it entered it. The transmittance of a sample is given as a percentage. In the current study, the transmittance spectrum of the sunglasses was measured between 190 and 900 nm using a double beam scanning spectrophotometer (ATI Unicam, Cambridge and model UV2-100) with a 1.5 nm spectral bandwidth. The instrument measured the absorbance spectrum through the sunglasses (test sample) relative to air (reference sample). The measurements are sent to a computer interface for graphical analysis. Percentage transmittance was plotted on the y axis against the wavelength in nm on the x axis. The % of luminous transmittance (LT) at visible spectral range and the % of UV-A and UV-B transmittance were recorded.
The sunglasses were categorized according to their range of LT at visible spectral range based on the European standard for sunglasses [7] . Category 4 includes the sunglasses with <8% LT, Category 3 the ones with 8% -18%, Category 2 the ones with 18% -43%, Category 1 the ones with 43% -80% and Category 0 with 80% -100%. The European standard for sunglasses allows UV-B transmittance to reach 10% of all LT in all sunglasses categories [7] . UV-A transmittance has to be no more than the LT for the categories 0, 1 and 2, while it should not exceed 50% of all the LT for the categories 3 and 4 [7] . The sunglasses that did not meet the criteria for compliance with these standards were recorded.
Statistical analysis was performed using SPSS 15.0 (SPSS Inc., Chicago, IL, USA). The results of two groups were compared by the independent samples t-test or chi-square test. Significance was attributed when p < 0.05.
Results
Group A included twenty brown unbranded sun glasses with a price of >25 US$ and Group B eighteen brown unbranded sun glasses with a price of <25 US$.
The graph of the % transmittances of Group B in the wavelength range of 250 -600 nm was shown in Figure  1 .
The mean % of LT was 15.8 ± 8.3 and 16.6 ± 6.9 for Group A and B, respectively (range 3.1% -32% in Group A vs. 4.5% -31.2% in Group B) (p = 0.2). The categories of sunglasses based on their LT were shown in Table 1 . Five sunglasses of Group A and three of Group B had LT of <8%, so fell in Category 4 (p = 0.4). These were not appropriate to wear when driving.
UV-B radiation was blocked appropriately according to the European standard in all sun glasses [7] . However, four sun glasses in each group was non-compliant with the European standard regarding the UV-A blockage (p = 0.6) [7] . The categories for each non-compliant sun glasses were shown in Table 2 . Eleven out of thirty-eight sunglasses (29%); six sunglasses in Group A and five sunglasses in Group B were non-compliant with the European standard and/or lacking the necessary warning against wearing when driving (p = 0.5).
Discussion
In the current study including unbranded sunglasses, we found that four out of twenty sunglasses in Group A and four out of eighteen in group B were non-compliant with the European standard for sunglasses. In addition to this finding, % transmittance of visible light was less than 8% in five sunglasses in Group A and three in Group B. Regardless of their prices, 29% (11/38) of the sunglasses were not appropriate to protect the eyes from UVR hazards and/or were not appropriate to use when driving. UV radiation is invariably damaging to eye tissues by the formation of free radicals [8] . Both UV-A and UV-B may cause skin disorders, skin cancers and many diverse ocular disorders including senile cataract, pterygium, photokeratitis, photoconjunctivitis, and ocular melanoma [1] [3]- [6] . Many epidemiologic studies showed that latitude and sunlight hours are positively correlated with the incidence of various ocular diseases such as pterygium, cataract, and ocular surface squamous neoplasia [6] [9] [10] . Each individual is exposed to a variable amount of UVR, which is dependent on many environmental factors such as latitude and altitude and personal behaviours such as the use of protective clothing and sunglasses. Out of these factors, the personal protection measures, including the use of brimmed hats and sunglasses were shown to be the most modifiable ones. They can effectuate up to an 18-fold difference in ocular UVR exposure [11] .
There are three main standards for sunglasses in the world. These are the Australian, United Stated, and European standards [12] . Ideally sunglasses should absorb the entire UV spectrum including UV-A and UV-B [11] . Sunglasses are classified according to the LT based on the European standard for sunglasses. The ones with the LT % < 18 are classified in Category 3 and 4. These should satisfy the requirements for UVR transmittance to provide good protection from UVR. Category 2 provides some UVR protection, if meets the criteria, while the other 2 categories are fashion spectacles without providing adequate UVR protection. In the current study, none of the sunglasses were fashion spectacles based on their LT and all of them satisfied the requirements for the UV-B transmittance regardless of their prices. However, three Category 3 and one Category 2 sunglasses of Group A and one Category 4, one Category 3 and two Category 2 sunglasses of Group B were non-compliant with the European standard based on their UV-A transmittance %. Among UVR types, all of the UV-C and 90% of UV-B radiations are filtered by the ozone layer, so UV-A is the most prevalent one in nature [13] . Although, both UV-A and B have harmful effects on human eye and skin, UV-B radiation was shown to be more damaging on human lenses, cornea, conjunctiva and skin than UV-A radiation [1] [3]- [6] [14] . The link between age related macular degeneration and UVR is controversial [15] [16] . It is proposed that visible light, especially blue light, is one of the etiologic factors for the development of AMD [17] . According to our findings, some of the sunglasses did not meet the criteria for their categories regarding UV-A transmittance, so should be labelled as fashion spectacles.
Australia is the only country where the sunglass standards are directly enacted in law [18] . All sunglasses sold in Australia must be labelled indicating the % of UVR protection and 100% protection is considered a good level [12] . There is no mandatory testing in other countries. There are several studies in which the sunglasses are evaluated for their compliance with the standards [18] - [20] . In a study conducted by the "Optics and Radiometry Laboratory" 20% noncompliance was reported with the European standards [18] . Ultraviolet radiation protection was not satisfactory in another study performed in India [19] . On the other hand UVR protection was shown to be satisfactory in a study from Poland [20] .
In the current study, % transmittance of visible light was also evaluated. Some of the sunglasses were shown to transmit less than 8% of the visible light regardless of their prices. This had to be indicated, because the minimum visible light transmittance requirement for driving is 8% according to the sunglass standards [7] . Besides the UVR protection the sunglasses should meet other requirements to be certified. These additional requirements are related to the refractive power, prismatic power, and polarization [12] [18] . These properties enable higher visual acuity while providing UVR protection. We did not evaluate these properties, but some noncompliance with the regulations regarding the transmittance spectrum was detected.
Based on our findings, regardless of their prices, some of the unbranded sunglasses were non-compliant with the European standard for sunglasses and some of them were not appropriate to wear when driving. Therefore, optometrists and ophthalmologists should warn the consumers against wearing unbranded sunglasses without any specifications, to provide protection from UVR and also when driving.
According to our findings some of the sunglasses did not meet the criteria for their categories regarding UV-A transmittance, so should be labelled as fashion spectacles. Also the visible light transmittance was less than 8%. This had to be indicated, because the minimum visible light transmittance requirement for driving is 8% according to the sunglass standards. Two things can be done to solve the problem: enact laws like in Australia, or publicize the findings and enhance customer knowledge about the need to have details specifications about UV and visible light transmission and customers should not wear except glasses with certificates that meet the safety standards.
